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(WITH G & H AMPLIFIERS 
&T 42 TIME BASE) 



OSCILLOSCOPE TYPE D43 



CHAPTER 1 



GENERAL DESCRIPTION, SPECIFICATION , 
FIRST TIME OPERATION 



1, GENERAL DESCRIPTION 

The S43 ond D43 are versatile ostilloscopes offering a wide range of 
facilities suitable for both general purpose and specialised applicotioh. Tins 
versatility Is achieved by the use of separate plug-ifi omplifiers for the Vertical 
Deflection Circuits and Interchangeable time base^/X amplifier units for the 
Horizontal Deflection Circuits* 



Simplicity of circuitry and the "unit^' method of consthjctlon make on 
extremely reliable Instrument which Is easily malntolned* 

Both the S43 ond D43 use identical plug-In amplifiers arxJ slmllor time 
base units, the only differences being the CRT circuit iind the HT supplies* These 
are dealt with separately under the appropriate chapter headings. 

The following Y amplifier units are currently available* 



Type A 
" B 
C 

" D 
G 
" H 



General Purpose Amplifier 

High Gain Differential Amplifier 

Very High Sensitivity Amplifier 

Envelope A4onitor 

Wide Band Differential Amplifier 

Wide Band General Purpose Amplifier 



Two oltemotive time base/X amplifier units are available. 



T41 . 18 sweep speeds 



142, 22 sweep speeds single shot facility. 



M anual dated Aoril 1966 



www.TheValvePage.com 



2- SPECIFICATION 



The Timebose and Horizontal Deflection Amplifier 



2,3 



2 * 1 The Cathode Rgy Tube 

The 4" flat"faced CRT operates at 4 kV overafl, giving an extremely bright, 
fine trace over the whole of the working area, A P31 phosphor Is normally 
supplied, but longer persistence phosphors are available, If specified, A green 
filter is fitted to Improve the contrast under conditions of high ambient Mghf , 

An illuminated graticule facilitates accurate measurement, ard an extend- 
Tble light hood is avoi table as on optional extra, 

2-2 Vertical Deflection Amplifiers Type A (For other types see Appendix I) 

The standard model Is fitted with Type A Genera f Purpose Amplifiers, This 
is a four-stage, balanced, DC-coupled amplifier, driving the Y deflector plates 
through output cathode followers. The amplifier is compensated for optimum pulse 
response with no overshoot* 

2,2,1 Frequency Response and Sensitivities 

(i) OC-15 Mc/s at 100 mV/cm* 

(li) DC-,8 Mc/s at 10 mV/cm, 

Preset goin controls standardize the sensitivities of the amplifiers 
against on interna !iy-generoted calibration woveform, 

2*2,2 Input Impedance : 1 megohm, shunted by 40 pf, 

2*2*3 Input Attenuators 

The nine-position Input attenuator Is frequency compensoted and 
permits direct reading in voltv^cm, on the following ranges; 100 mV (10 mV), 
200 mV (20 mV), 500 mV (50 mV), IV (100 mV), 2 V (200 mV), 5 V (500 mV), 
10V(1 V), 20 V(2 V), 50V(5 V). 

(The bracketed figures oppiy with the ompllfler gain switch In the 
"XIO" position.) 



T41 has eighteen preset colibrated sweep speeds; 500, 200, 100, 

50, 20, 10, 5, 2, 1 mi Ifiseconds per cm* 500, 200, 100, 

50, 20, 10, 5f 2, 1 microseconds per cm. 

T42 has twenty two preset calibrated sweep speeds; 5, 2, 1 second^cm, 
500, 200, 100, 50, 20, 10, 5, 2, 1 milliseconds per cm, 

500, 200, 100, 50, 20, 10, 5, 2, 1, 0,5 microseconds per cm. 

All the above are at rninimurti “X" expansion. 

A VARIABLE control covers Intermediate speeds^ 

The time measurement accuracy Is + 5%* 

The sweep generator Is a Miller circuity giving exceUent linearity- The 
Horizontal Deflection Amplifier X GAIN control permits the troce to be expanded 
to approx, 10 screen dionrwter^* Sufficient shift h provided to enable any part of 
the expanded trace to be |x>sitioned centrally on the screen, 

Termirxil sockets on the front porrei enable 

(a) an external timebase waveform to be applied in which case the 
internal timebase should be switched off. 

(b) the internal timebase waveform to be used for external purposes* 

2*4 Triggering 

Two modes of triggering are provided; 

(1) Auto, On this setting the sweep free runs at o slow speed in the 
absence of an input signol, but Is triggered automotlcal ly as soon os an input signal 
Is applied . 

(2) Trigger Level Selection. With the AUTO switch off, the TRIG LEVEL 
control allows the sweep to be triggered f^m any part of the slope of the input 
waveform , 
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(3) Single shot facility* {T42 only). With the Single Shof/Normo I switch 
Set to single shot, then the sweep will fire once on receipt of a trigger pulse and re- 
main locked out until operation of the Reset push button* 



2.5 Trigger Selection 

Selector switches enable the timebose to be triggered frorn the output of 
either Verticol Deflection Amplifier, positive or negative; or from an EXTERNAL 
input, positive or negative* 

2.5*1 H ,F* T rlggering 

A special H*F* switch position gives good synchronization from high 
frequency input signals between 1 Mc/s and 15 Mc/s* 



2*5*2 TV Syric, 



D,C. Restoration enables the sweep to be triggered from the LINE 
or FRAME pulses of o composite TV waveform without a change of picture content 
affecting tha triggering point. 



2.6 Colibration Waveform 

A 1 volt peck to pe^k squore wave, at mains supply lire frequency and 
stabilized against line voltage variations, U available at a connector on the front 
panel for calibration pu^po^es. 



2*7 Trace Unblanking 

A new DC-coupled flybock suppression system ensures uniform trace bright- 
ness at slow sweep speeds ond complete suppression of the timebase flyback* 



2 * 3 Z-MOD Socket 

A connector on the rear of the Instrument permits Intensity modulation of the 
beam for accurate measurement of rise times, etc. 



at 50 c/s 




(1) 90 - 130 V } 

(2) 200 - 240 V ) 

Power consumption 132 VA (D, 43) and 100VA(S.43). 

2*10 Cooling 

The instrument is cooled by convection. Air enters the bottom of the case 
and Is drawn up post the tubes and other hot components, passing out through slots 
at the top* The air flow must not be obstructed in any way. 

2,11 Dimensior^ 

D*43 



S*43 



3* FIRST TIME OPERATION 
3 . 1 Introduction 

The following detailed instructions are intended for those unfamiliar with 
this type of oscilloscope. It is suggested that the user should carefully cany out 
this procedure several times. In order to become thoroughly familiar with the 
instrument before putting it into use* 

Throughout this handbook all front panel controls and sockets are shown In 
CAPITALS UNDERLINED; preset (Internal) controls are shown In CAPITALS only, 



8?" wide X 13'^ high x 19" long 
(21 cms. X 33 cms* x 43 cms.) 
Weight: 36 lbs (16 kilograms) 

8i” wide X lOi" high x 19" long 
(21 cms, X 26*7 cms* x 48 cms.) 
We ight : 28 lbs ( 1 2 * 8 k i bg rams) 
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3,2 Operation 



3 .3 Triggering 



Set the front pane! controls 


as follows: 


INPUT SWITCH 


"DC" 


VOLTS/CM 


"0.5" 


Y GAIN 


"XI" IN 


FOCU5 


.Mid-position 


ASTIG 


Mid-position 


Y SHIFT 


Mid-positlon 


SRILLJANCE 


Fully anticlockwise 


X GAIN 


FuEly anticlockwise 


X SHIFT 


Mid-position 


STABILITY 


Fully clockwise 


TRIG LEVEL 


Anticlockwise to position Just 


TIME/CM 


before switch operation 
"20 MS" 


VARIABLE 


Fully clockwise 


TRIG SELECTOR 


"NORMAL" (All out), 


SINGLE SHOT SWITCH 

(T42 onEy) 


"+" (out), "Yl" (in), 
NORMAL* 



3,2J Set l^he llnb on the Voltage Selector Panel, at the rear of the 
instrument,, according to the mams supply voltage to be used. Plug in, rotate tha 
POWER switch clockwise, to the "ON" position, and allow o few minutes for the 
instrument to warm up, (Further clockwise rotation of the POWER switch will 
simply increase the graticule i [ [umination . ) 

3.2.2 Advance each BRILLIANCE control until g trace oppeors; position 
the trace in the centre of the sc^en by means of the X SHIFT (Hortzontal) and 

Y SHIFT (Vertical) controls. Adjust the A5TIG and FOCUS controls. In conjunc- 
tion with one another, fora well-defined trace. 

3.2.3 Now bock-off the STABILITY control until the sweep just fells to 
free run. This is the normal position of this control, and, once set. It should not 
require any reodjustment except at the very highest sweep speeds. The instrument 
is now ready for use* 



If the TRIG LEVEL control is turned fully anticlockwise to operate the 
A U T O switch, the trace will reappear. In this condition the instrument Is ready to 
accept olmost any input waveform and will automatically be triggered by it. The 
only od ju^tments required are the selection of the appropriate sweep speed and "Y" 
sensitivity (VOLTS/CM), However, in order to u^e the instrument to best advan- 
tage, the functions of the controls should be fully understood* The following 
procedure will demonstrate their use, 

3,3, T Return the TRIG LEVEL control anticlockwise to the position just 
before the switch operates* fSere should now be no trace visible on the screen. 

Join a short connector between the CAL terminal and each INPUT 
socket and rotate the TRIG LEVEL control clockwise, until the traces just oppeor, 

(If the sweep h not triggered, the STABILITY control has been backed off too far*} 

The Oscilloscope is now displaying the CALIBRATION VOLTAGE 
waveform (see Chapter 5, Section 2*4), which should be a square wave of 2 cm* 
amplitude, with one cycle occurring every centimetre. This is a very convenient 
waveform for demonstrating the functions of the corttrols* 

3*4 Focus and Astigmatism 

By adjusting the FOCUS control, either the horizontal or vertical edges of 
the squorewove can be brought into focus, but only if the A5T1G control is correct- 
ly odjusted will it be possible to focus the whole of the woveform simultaneously* 
Once the ASTIG control Is set, it should require no further adjustment and a well- 
defined trace will be obtained over the whole of the screer?* 

3*5 Speed CoJibration 

The calibrotion waveform is at suppfy-llne frequency, so that when the 
instrument Is operated on 50 ^:/s mains, I cycle occupies 20 milliseconds. With the 
TIM^CM switch set to ”10 milliseconds" and the VARIABLE control fu Ely c lock wise, 
the timebase speed is 10 milliseconds per centimetre, so thot one cycle should 
occupy two centimetres* The SET SPEED control, adjocent to the TIM^CM switch, 
is used to adjust the sweep speed on this calibration waveform to give precisely 
1 cycle in 2 ems. This stondardizes the whole of the time calibration of the 
instrument, all other ranges being direct multiples of this. Speed colibrutions only 
apply when the VARIABLE control Is in the fully clockwise position. On 60 q/s 
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molhs the SET SPEED should be adjusted on 10 so that three cycles occupy 

5 cms. 

For most purposes, when accurate time calibration is not required, the 
above controls are used to produce a picture of convenient sice, with the TIM^CM 
switch as the "coarse " control and the VARIABLE control for "'fine"' adjustments. 



4. SWEEP CONTROLS 

4.1 Trig Leve I 

The Trigger Level control is used to set the precise part of the slope of the 
Input waveform at which the sweep is triggered. The use of this control may be 
demonstrated as follows: 

Set the TIM^CM switch to 5 rr/s, as described in Chapter 2, to give one 
cycle of the squore wave, 4 cm. long. Nbw rotate the TRIG LEVEL control. It 
will be found that the storting point of the f race can be moved up ond down the 
sloping edge of the squore wove. If the control Is turned too for clockwise, this 
point rises obove the top of the squore wove orvd the sweep stops. Similarly, 
rototlon too far onticlockwlse produces the some effect. 

This fccllity Is useful for displaying complex waveforms, when a norma I type 
of sweep generator will either foil to trigger the sweep or cause double trigger 
octlon, producing a multiple pattern. It may also be used □& an amplitude discrl- 
mlnotor, so thot signals of small amplitude are ignored and the sweep is triggered 
only when the input voltage reaches a predetermined value. Positive or negative 
going edges may be selected by using the TRIG SELECTOR switch. 

Adjustment of the sweep speed controls does not shift the starting point of 
the sweep but expands the trace from this point. Thus it is possible to exomine a 
section of the waveform In detail by setting the TRIG LEVEL control $o thot the 
sweep is triggered just in advance of the portion to be examined and then expending 
this portion as required by means of the sweep speed control(s). 



4 . 2 Auto 

On this setting no control over the trigger level is available; the sweep 
automatically adjusts itself to trigger at the mean level of the input waveform. This 
setting may be used for ofmost ail oppMcations Involvi hg repetitive waveforms of a 
simple nature , The sweep generator wi !l be automotica I ly triggered by signals 
between about 50 c/s ond 1 Mc/s. IntheH.F. position the sweep generator will 
synchronize to incoming signals up ftp at least 15 Mc/$ provided their amplitude 
gives about 2 millimetres vertical deflection. 

In the "AUTO" position with no Input signal the trace will become 
progressively fainter as the sweep speed Is Increosed. This is due to the sweep 
running free at about 40 c/s In the obsence of a trigger signol, regardless of the 
setting of the speed controls. As soon os an input signal is applied, the sweep Is 
immediately synchronized by it- and the trace reverts to its full brightness. 

4.3 Trig Selector 

The Trigger Selector switch Is divided into two sets of three push buttons. 
One position, used for most purposes, selects "NORMAL" triggering. The top two 
buttons bring the DC Resforafion into circuit . This enables the sweep to be 
triggered from the Line or Frame pulses of a TV waveform (normally negative going) 
independent of the picture content (positive going). The thlfd button selects H.F. 
operation. In thi$ latter position the sweep Is synchronized by the Incoming 
signals. The lower three push buttons select positive or negative, Yl, Y2, or 
external triggering waveforms as required. 

A differentiating circuit of 22 us is used In the Sync. Separator to permit 
triggering from the Frame pulse, effectively removing the line pulse. 

For triggering from an external signal (minimum .5 volt), set the switch to 
E)^, both buttons out, and connect the signal to the EXT TRIG terminal socket. 

4.4 X Gain and Shift 

The X GAIN control expanijJs Or contracts the length of the trace from 
approximately one screen diameter m the anhclockwise position to approx. 10 
screen diameters when rotated fully clockwise. 
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The X 5H EFT control Is used to centre the trace symmetrica I fy about the 
ruled graticule or to dtspioy any portion of the expanded trace on the screen for 
examination * 

The time calibration holds good only at the minimum setting of the X GAIN 
contnoL It is possible to measure time Intervals at other settings, however7"by 
using the internal coiibration waveform as a standard* For Instance, if the 
^ gain control is adjusted so that one cycle of the cdibrotion waveform occupies 
5 centimetres on the 20 range, then the gain Is exoctJy five times on oil 

ranges ond, provided the X GAIN control is not touched, o[l sweep speeds will be 
multiplied by a Factor of 5, Any multiplication factor between 1 ond 10 Is possible. 



5. VERTICAL DEFLECTION AMPLIFIER (TYPE A) CONTROLS 
5 J VOLTS PER C M Switch 

This nine-position switch Inserts a series of frequency compensated attenua- 
tors between the coaxiol INPUT socket end the Vertlcol Deflection Amplifier* If 
the gain of the amplifier Is calibrated, direct readings of input voltoges may be 
obtained* Two preset controls, adfacent to the Y GAIN switch, enable the gain 
to be standardized at either switch setting or "XIO"), With the Y GAIN 

switch ^et to Xl the 1 volt calibration squarewove should measure 5 centimetres 
vertically with the VOLTS/CM switch set to 0,2 V/cm* In the "XIO" position, 
the squorewove will occupy 5 cm, on the 2 V/cm* range* It is most important thot 
the amplitude of the cotibrotlon squarewove should be measured between the 
horizontal flat portions . The overshoot at the rising or falJing edge of each pulse 
should be disregonded (see Chapter 5) * 

5-2 Xl/XlO Y GAIN Switch 

This switch changes the gain of the Y amplifier, the normal (XI) sensitivity 
being multiplied by 10 when the "X10‘^ position is selected* The positions of the 
ortenuator (VOLTS/CM) switch opply only for normal operation and should be 
divided by ten In the "XlO" position. 



5.3 DC/AC Switch 



This switch will normally be used in the "AC" position, in which o blocking 
capacitor removes the DC component of the input signal to the Vertical Deflection 
Amplifier. The time constant of the input circuit in this position is such thot the 
response Is 3 dB down at 2 c/s, which, whilst odequote for most normol purposes, 
may prove critical In some applications, (For example, In the "AC" position, the 
50 c/s colibratlon woveform acquires a pronounced tilt*) If a longer time constant 
15 required, an external blocking capacitor must be used, with □ value suitably 
greater than 0*1 microfarad and the Input switch set to "DC", 

The "DC" position is also u^ed if it Is speclficaliy desired to Include the DC 
component of the input waveform to be measured. 



6. ADDITIONAL FACILITIES 
6 * 1 Sweep Output 

The terminal socket marked SWEEP OUTPUT on the timebase front panel 
provides a positive going sowtooth waveform of approximotely 40 volts maximum 
omplitude, from the cathode of V107A, This valve acting as a cathode follower 
presents a low Impedance In its cathode circuit, thus preserving the purity of the 
waveform* When an externa! circuit is being driven from this source the 
STABILITY control must be turned clockwise until the sweep, os displayed on the 
oscilloscope, runs Free. 

6*2 X AMP input* T4I 

This terminal socket on the timebose front panel, is connected, via a series 
capacitor (Cl 17) of 0* 1 microfarad, to the input of the sweep amplifier. 

The input Impedance is approximate fy 170 K, shunted by 30 pf. The 
frequency response Is 3 dB down at 10 c/s and at about 400 Kc/s but Is otherwise 
flat over the intervening range, 

The sensitivity con be voried by the X Gain contra! from approximately 
250 mV/cm to 2,5 V/cm, 
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XAMPlriFXjt. T42 . 

This terminol socket, on the timebase front pone I, is DC coupled to the 
input of the sweep ompfifler. It is normally linked to earth when not in use. 

The input impedonce is 1 Myv shunted by 30 pf. The frequency response 
is DC to approximately 500 Kc/s (-3dbs) . The sensitivity can be varied by the 
X Gain control from approximately 100 mV/cm to 1 V/cm- 

When using the X Amp Input facility the timebase must be turned off by 
turning the VARIABLE control fully ontJc lockwise to operate the switch ganged to it. 

6.3 Single Shot (T42 only) 

With the switch in the SINGLE SHOT position the timebase will trigger 
from the first trigger pulse occurring after the RESET button hos been pressed, and 
will ignore any further trigger pulses. A neon lights when the timebase is ready 
for firing and goes out ot the end of the sweep. 

6.4 Z MOD 

This connector, ot the rear of the instrument, is taken, vra o block capaci- 
tor, to one grid of the CRT, A positive pulse applied here will brighten the trace, 
permitting squarewove rise times to be measured. The time constant of this circuit 
is formed by 0,0] microfarad and 10,000 ohms. 



CHAPTER 






TIME BASE AND ASSOCIATED CIRCUITS 



1, THE TRIGGER CIRCUIT 
1 . 1 General 

Figure 2,1 shows the trigger arvd TV sync, selection. The operation of the 
push button switches is described and a detoiled summary of the switch positions is 
also given in this chopter. 




The trigger omplifier consists of a longtailed pair followed by a cathode 
follower. The trigger signal from Yl, Y2 or Externoi Is fed to either grid of the 
longtofled pair depending on the setting of SI 01 A -) the other grid being 
earthed. The output from the pentode anode (VIOIB) is taken via cathode follower 
(VlOlA) to the input of the Schmitt trigger circuit (V103 ECC88), The output 
D.C* level of the trigger amplifier is varied by RV115, the Trig Level contnoi 
which varies the D.C. level of both input grids symmetrica [ly, allowing the trigger- 
ing point to be set to any desired point on the woveform. On the Auto position the 
Level control is switched out of circuit and the output of the trigger amplifier is 
A.C. coupled to the Schmitt trigger circuit. The input grid resistor R125 is 
returned to the opposite grid causing the circuit to free run at approx. 40 c/s in the 
absence of triggering signal. As soon as o trigger signal is applied the circuit is 
synchronised and the time bose will trigger from a point neor the mean level of the 
trigger w'aveform. This setting may be used for almost oM applications involving 
repetitive waveform with approximately equal excursions obout the mean level and 
repetition frequencies between 50 c/sand 1 Mc/s. 

1.3 H . F . Operation 

On H ,F. operation S102C removes the D.C. coupling between the cathodes 
of the Schmitt trigger converting it into a multivibrator running at approx. 0*5 
Mc/s. The circuit will then synchronise to high frequencies from approx. 1 to 15 
Mc/s. 
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1 .4 TV 5ync> Pu ^se SeiecHon 

On these positions, +and - refer to the picture content, not the sync. 

pu !ses . 

On TV Frame and TV Line positions the goin of the trigger amplifier is 
Increased 3 times and o D.C- restoring circuit C106, R123 and MR] 01 introduced 
into the Schmitt trigger circuit input * The Trig Level control is set to trigger off 
the synchronising pulses. The D,C, restoration prevents change of triggering point 
with picture content vorlattons* On TV Line the output of the Schmitt trigger ^ 
circuit Is differentiated by o short time constant CUT and RI36 ond fed to the time- 
base. On TV Frame the time constant is increased by the addition of R137. Thfs 
gives a greater output from the wider frame pulses than from the line pulses and the 
timebose can be adjusted to trigger off the frame pulses by means of the Stabi lity 
control. 



1 ,5 Trigger Sensitivit 



The trigger sensitivity control RV127 is □ preset resistor between the 
cathodes of V103 and is set to give the maximum trigger sensitivity on the 'Cal' 
waveform without multi-triggering. 



1 ,6 Facilities 

The trigger selector switch is divided into two sections, each of which Is 
operated by three push buttons. The functions of the sections are os follows: 

Upper Section: selects NORAAAL operation, 

H,F, operation, or TV sync., 
line or frame . 

selects the polarity of ihe triggering 
signal (positive or negative) and 
selects the source of the triggering 
signal (Internal Y1 or Y2: external). 



Lower Section: 



In order to clarify the operation of the selector switches, their positions are 



imorTzed below: 
Switch 


Position of 


D.43 


S.43 


Buttons 


Function 


Functipn 


Upper Section 


All Out 


Norma 1 


Norma! 




Top In 


TV Frame 


TV Frame 




Middle In 


TV Line 


TV Line 




Lower In 


H,F. 


H.F. 


Lower Section 


Top In 


- ve 


- ve 




Top Out 


+ ve 


+ ve 




Middle In 


Yl 


INT. 




Lower In 


Y2 


EXT. 




Both Out 


EXT. 





2. THE TIME BASE AND HORIZONTAL DEFLECTION AMPLIFIER 

Figs , 2.2 and 2 . 3 show the T4 1 Timebase and Time/ cm switch . 

2.4 and 2.5 " " T42 " 

2 . 1 Time Base Technical Description 

VI02B and V107A form a grid triggered ' Mi 1 ler circuit, the timing 
component: comprising C276, 277, 278, 279, 280, 281 and R279, 280, 231. 

(R285 - 290 in T42). The Miller is driven by q bistable circuit V104 via diodes 
MR 1 04 and VI 05A . MR 1 05 c lamps the starting point of the sweep at approx. 

97. 5v. A fraction of the sawtooth voEtoge appearing at the cathode of VI07A Is 
used to reset the bistoble circuit at the end oF the sweep, V105B, R276, R278 
and C276, 273, 279, 280 (R275, R 277 and C275, 277, 27B, 279, 280 in T42) 
prevent retriggering unti! the end of the hold-off period. 

RV14S is the swe::ip length preset. The bistable circuit I± triggered by a 
positive pulse from the Schmitt trigger circuit vioVlOdA. Negative pulses are 
removed by diode MR 102. The Stobility control RVI52 controls the potential of 
the grid of V104A at the end of the hold-pff period and is set to □ point just above 
the free-running condition for normal triggered operation. 
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V106B ampiifjes the time base driving waveform to provide the drive for the 
modulator plate of the C,R.T. This brightens the trace during the time base sweep 
only . 

The timing and hold-off capacitors are switched in 10:1 steps, the inter- 
mediate ]f 2 and 5 steps being obtained by switching the timing resistor* RV2S4 
(RV291 in T42) Is the 'Variable^ control giving o continuous variation of 2,5:1 ond 
the calibration Incorrect m the Fully clockwise position only. C2B1 (C276 in T42) 
is set up on the highest time base speed to give the correct sweep speed. The output 
is taken From the cathode of V107A to the Sweep Output terminal and to the X 
amplifier, 

2*2 X Amplifier Technical Description 

The sawtooth from the time base end the X shift voltage from RV1B2 ore 
mixed in a capacity compensated mixing circuit Cl 16, R163, R164, Rl65and 
applied to the grid of the X amplifier. This is o longtailed pair consisting of 
V107B and V108B with a 10:1 X Gain control RV171 between the cathodes. The 
push-pull output from the anodes i$ directly coupled to the C.R.T, X plates, RV172 
IS the Set Speed control and is set up with the X Goin in the fully onti-dockwise 
(minimum gain} p^isition. 

The Ext X mput terminal Is connected via □ 0. 1 uf capacitor to the Input 
grid of the X ompllfier in T41 * In T42, the Ext X input terminol is DC coupled to 
the grid of V109A, on amplifier whose anode is connected to the grid of V108B, 
V109B provides a low impedance variable H,T* supply for V109A. RV195 is set to 

centralise the X Shift control. When using this foeslity the timebase should be 
switched off by rotating the ‘Variable’ control fu I [y anticlockwise . This removes 
the blanking volfoge from the modulator plate of the C.R.T. 

VlOSA is a cathode follower giving a low impedonce lOOv supply for the 
time base . 

2,3 Facilities 

(1) X Amp Input. The X Amp input socket permits an external signal to be 
displayed horizonta I ly . When using this facility the time base should be switched 
off, by operating the switch S103, which is ganged to the control marked ^ Variable '* 
This switch stops the bistable V104 operating and also removes the flyback 
suppression output at the anode of V106B from the modulotor plote of the C.R,T, 



(2) Sweep Output . The sweep voltage is taken from the cathode of V107A 
V ia a 0.1 microfarad copacltor (C 1 1 8) to the socket Sweep Output, and can be used 
to drive on external circuit* This Is a positive going sawtooth of approximately 
40 vh peak to peak amplitude, 

(3) Single Shot (T42 only) TRiOl and TR102 are a transistor bistable 
circuit, which in the Single Shot posiHon, is triggered at the end of the sweep and 
holds the anode of V105B sufficiently positive to prevent the timebase being 
retriggered. The transistor bistable is reset by push button SI 05, end a neon N101 
lights to indicate thot the timebase is ready for firing* 



3* TIME BASE CONTROLS 

3 . 1 The Stepped Sweep Control 

Figure 2,3 shows the T41 stepped sweep control, which consists of a three- 
gang, 18-way rotary switch (TIM^CM) to which ore connected the resistor- 
capacitor networks for obtaining the required time base speeds* These speeds range 
from 1 microsecond to 5CX) milliseconds. In fixed steps, ascending In 1, 2, 5 steps. 

Figure 2.5 shows the T42 stepped sweep control, which consists of o three- 
gang 24-way rotary switch (TIM^CM) to which are connected the resistor- 
capacitor networks for obtaining the required time base speeds* These speeds range 
from 0,5 microseconds to 5 seconds per cm. In fixed steps, ascending In 1,2, 5 steps. 

3 -2 Stability Control 

This control (RV152) varies the grid potential of the valve (VI04A) and 
hence the switching level of the mu Itlvibrator * It is set to the point Just below the 
free-running condition. The control adjusts the sensitivity of the sweep circuit to 
Incoming signals. 

3 . 3 Preset Speed Adjustment 

This Is formed by the combination of a small variable preset capacitor 
(C281, Fig. 2.3, C276, Fig. 2.5) which is mounted on the ganged switch assembly, 
and □ preset ponel control (RV172) Set Speed (Fig* 2.2 and 2.4). The latter is 
used for the initial calibration of the time base speed from a known 20 millisecond 
pulse-.- The capacitor is used for the highest speed only. 
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Dehails of hhi& adjustment are given in the setting-up instructions {Chapter 6). 
These CO librations are correct when the Red knob marked Variable is set fu I ly 
clockwTsej ond when the B[acj< knob X Gain is set fully antic [ockwise (i.e* at 
minimum 'X' expansion). 

3 .4 Vorioble Sweep Control 

This control (RV284) is concentric with the TtM^CM switch, it determines 
the potential to which the charging resistor is returned and affords a continuously 
variobie control between the fixed sweep speeds, by decreasing the speed from that 
set on the stepped sweep control to the next lower setting on the scale. 

3 .5 ’X' Expansion ond Trace Length 

The X Goin control (RV171) varies the gain of the push-pull valves (V107B 
end V108B), thereby controlling the length of the trace. The trace may be 
expanded up to 10 screen diameters. The preset potentiometer (RV148) in the grid 
circuit of VI04B varies the amplitude of sawtooth into the grid so that the trace 
length may be controlled with the X Goin at the minimum position. 

3.6 X Shift Control 

The variable 'X' Shift voltage, adjusted by RV182, is applied in series with 
the sweep voltage from V107A to the grid of V107B. By this means the trace, with 
or without expansion, may be moved laterally across the screen to any desired 
position . 



CHAPTER 3 



THE VERTICAL DEFLECTION CIRCUITS 



VERTICAL DEFLECT iON AMPLIFIER TYPE A 
1 , 1 Genera I 

The Vertical Deflection Amplifier Type A is a dual-range general-purpose 
amplifier having □ substantially flat frequency response from DC - 15 Mc/s at 
lOOmV per cm. and from DC - 0.8 Mc/s at lOmV per cm. Direct coupling is used 
throughout to minimize phase shift, and cathode follower output stages give low 
impedance outputs to theC-R.T. Y plates end trigger circuit . 

A nine-posirion input ottenuotor switch (VOLTS/CM) provides frequency 
compensated attenuation to suit a range of input levels. 



1.2 CIRCUIT DESCRIPTION 

The Input Attenuator (VOLTS/CM Switch) 

The circuit of the Input Attenuator is shown in Figure 3.2. The input 
capocitor (Cl) U normally in series with the input to the attenuator, but Is short- 
circuifed by SI In DC operation. 

The attenuator has four frequency compensated resistance dividers, which 
are used singly or in series to give nine division ratios. The first section hos ratios 
of 1 , 10 ond 1 00; the second has ratios of 1 , 2 and 5 , 

The Vertical Deflection Arn pli Pier 

The Vertical Deflection Amplifier circuit is shown in Figure 3,1. Two 
pentode valves (Type EF 184) and three double triodes {Type ECC 88) are used, 
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The input signal is fed from the attenuator network resistor R1 1 (Fig, 3.2) to 
the grid of VK The input stage consists of a cothode coupled pair (Vl and V2), 

The inductors {L21 and L22) In the anode circuits ore peaked for optimum pulse 
response. An out of phase signal appears at the onode of VI end an in phase signal 
at the anode of V2; these anodes ore direct coupled to the cothode followers V5A 
and VSB respectively. RV40, connected between the cathodes of VI and V2 is the 
XT preset gain control. 

The potentiometer (RV29) controls the relative DC anode potentials of the 
valves (Vl and V2) and consequently acts as a vertical shift (Y SHIFT) control. 

When the amplifier Is operoted at high gain ("XIO" condition) RV34 acts as a "fine*^ 
shift control or Vernier. 

The cathodes of V5A and V5B are directly connected to the grids of the out- 
put amplifier valves (V3A and V4A). The cathodes of these amplifiers are 
connected via the X10 preset goln control RV41 . The switch S3 (Y GAIN - "XT'/ 
"XIO") short circuits RV41 In the XI position. The Inductors {L23 and 124) In the 
anode circuits of V3A and V4A give compensation at high frequencies in the "XT' 
position , 

In ^‘X10“ operation the cathode bias resistors of V3A and V4A (R45 and R46) 
are not returned to earth but to the preset ASTIG variable resistor (RV50). This 
control IS used to correct the DC level of V3A and V4A cathodes when the volves 
ore operating at high gain* incorrect adjustment effects the potential of the Y 
plates of the C . R . T . ^ causing astigmatism of the spot , 

The vertical deflection outputs to the Y plates of the C.R.T. are fed from 
the cathode followers V3B and V4B , The series inductors (L2S and L26) give 
compensation at high frequencies. The signal from V3B cathode is also taken to 
the Yl, Y2 positions of the TRIG SELECTOR switch. The neon diodes (N1 and 
N2) between the grids and cathodes of V3B and V4B protect these valves from the 
voltages that appear at their grids Immediately upon switching on, before the 
cathodes have reached maximum emitting temperature. 

1.3 Y GAIN "Xr'/"X10" 

With the Y GAIN switch in the "XI" position the maximum sensitivity of 
the amplifier Is 100 mV per cm. The gain can be adjusted by the SET GAIN "XI" 
control (RV40) (see Chapter 1). 



When the Y GAIN switch (S3) is in the "'XIO" position, higher value load 
resistors are switched into the emode circuits of the Input and output amplifier 
valves (Vl/ V2, V3A and V4A) . The maximum sensitivity of the amplifier is then 
10 mV per cm., and the gain can be adjusted, for calibration purposes, by the SET 
GAIN "XIO" control (RV41), 

1,4 Voltoge Supplies to Input Stage 

It should be noted that the anode and screen voltages for Vl and V2 are 
taken from a common resistor (R53) in the cathode circuits of V3B and V4B. The 
cathode current of the input stages therefore flows through the two output cathode 
followers. This is done to reduce the total current consumption of the Vertical 
Deflection Amplifier, and to provide a measure of stabMlzatlon, so that the overall 
gain is proportional to the power supply voltage. 

A negative supply is obtained by rectifying the I2.6v AC heater winding. 
This voltage is smoothed by R57, C24 and allows the cathode resistors R23, R59 to 
be large, so ensuring a constont current through the input valves. 
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CHAPTER 4 

THE CATHODE RAY TUBE CIRCUIT 
(D.43) 



K THE CATHODE RAY TUBE 
] , 1 General 

The Carhode Ray Tube used m I'his mstnjment is the M*O.V* Type ]D74. 

It has two guns ond a four-inch (10.6 cm.) aluminized screen of P31 phosphor, 
employs spiral post-deflection occe lerationj, and electrostatic focusing and 
deflection. The tube Is particularly suitable for high speed work, having a fine 
spot and high sensitivity over a wide Bandwidth. The final ar^ode voltage Is 4 kV. 

1 .2 Flybock Suppression 

An unusual means of flyback suppression Is employed by Including a 
'^modulator anode" In the CRT . The blanking pulse may be Fed at anode potential 
on to this plate, avoiding direct coupling to the grid of the tube. The advontage 
of this system is that direct coupling ensures uniform trace brightness at all sweep 
speeds and complete elimination of the timebase flyback- 



2. THE CIRCUIT 



(Side-pin connections are used.) The use of push-pull scanning reduces 
trapezoidoE distortion of the trace on the screen. 

The voltage under examination is applied to the Vertical Deflection Plates 
(Y plates), os antiphase outputs from the Vertical Deflection amplifier, via the 
frequency compensation inductors (L25 and L26, Fig. 3.1). 

The BRILLIANCE controls (RV301 and RV318) set the DC levels of the grids 
with respect to the cathodes, thus controlling the tube beam current. 

The FOCUS controls (RV303, RV316) set the potentials of the second anodes, 
thus permitting the electron beams to be focussed. 

2.2 Z MOD Socket 

A socket marked Z MOO, at the rear of the instrument Is connected via o 
blocking copodtor to one grid of the CRT. A positive marker pulse applied at this 
socket will brighten the trace, permitting the rise time of a squarewave to be 
measured . The time constant of the Z MOD Input circuit is about 0.1 mM lisecond 
(i.e. 0.01 uf X 10 K). 

2 .3 Graticule |[[umination 

The CRT graticule may be illuminoted by rotating the black knob SCALE 
ILLUM clockwise. The scale illumination control (RV401), to which the Mains 
ON/C)FF switch is ganged, ts o 25 ohm potentiometer, used to vary the voltage 
supplied to the two lamps. The potentiometer is provided so that the load on the 
heater supply secondary remains constont, whether the scale is illuminated or not. 



2.1 The Cathode Ray Tube circuit is shown In Figure 4.1, The Oscilloscope 
Power Supp I i es a re shown in Fig u re 5.1. A sepa ra te heater winding on the ma i ns 
transformer (Tl, Fig. 5. 1) permits the cothodc of the tube to be coupled to the 
heater, to avoid a large potential difference between the two, R311 (Fig. 4.1) Is 
inserted to prevent interference frorn the 50 c/s heater supply when the Z MOD 
facility is being used, 

The sawtooth scanning voltages from the timebase (see Fig. 2.2) are applied 
in antiphase to the two Horizontal Deflection Plates (X plates) of the CRT. 
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CHAPTER 4A 



THE CATHODE RAY TUBE CIRCUIT (5.43) 



1* THE CATHODE RAY TUBE 
1 * 1 Genera I 

The Cathode Ra/ Tube used irt this instrument is the S/lvonic T/pe SE4D . It 
has c four-inch (10,6 cm.) aluminized screen of P31 phosphoFj, employs spiral post- 
deflection occeleration^ and electrostatic focusing ond deflection. The tube is 
particularly suitable for high speed work, having a fin© spot and high sensitivity over 
a wide bandwidth. The final anode voltage Is 3.5 W, 

1 .2 Flyback Suppression 

An unusual means of flyback suppression is employed by including a " modulo- 
^ tor anod©^' in the CRT. The blanking pulse may be fed at anod© potential on to this 
plate, avoiding direct coupiing to the grid of the tube. The advantage of this 
system 1$ that direct coupling ensures uniform trace brightness at all sweep speeds and 
complete elimination of the timebase flyback. 



The voltage under examination is applied to the Vertical Deflection Plates 
{Y plates), as antiphase outputs from the Vertical Deflection amplifier, via the 
frequency compensation inductors (L25 and L26, Fig4 3.1). 

The BRILLIANCE control {RV211) sets the DC level of the grid with respect 
to the cathode, thus controlling the tube beam current. 

Th© FOCUS control (RV213) sets the potential of A2, thus permitting the 
electron beam to be focussed. 

2.2 Z MOD Socket 

A socket marked Z MOD, at the rear of the instrument, is connected via a 
blocking capacitor (C211) to the grid of the CRT. A positive marker puls© applied 
□t this socket will brighten the trace, permitting the rise time of osquarewav© to be 
measured. The time constant of the Z MOD input circuit is about O.lmSecs 
[0,01uF X lOK). 

2.3 Graticule Illumination 

Th© CRT graticule may be illuminated by rotating the red knob SCALE 
ILLUM clockwise* The scale illumination control (RV226), to which the /^ins 
O NlVOFF switch is ganged, is □ 25 ohm potentiometer,, used to vary the voltage 
supplied to the two lamps. The potentiometer Is provided so that the load on the 
heater supply secondary rernains constant, whether the scale is illuminated or not. 



2. THE CIRCUIT 

2.1 The Cathode Ray Tube circuit is shown in Figure 4.2. The OscI lloscope 
Power Supplies are shown in Figure 5.2. A separate heater winding on the mains 
transformer (Tl, Fig. 5.2) permits the cathode of the tube to be coupled to the 
heater, to avoid ct large potential difference between the two. 

The sawtooth scanning voltages from the timebase (see Fig, 2.2) ore applied 
in antiphase to the two Horizontal Deflection Plates (X pictes) of the CRT. (Side-pin 
connections are used.) The use of push-pull scanning reduces trapezoidal distortion 
of the trace on the screen. 
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CHAPTER 5 

POWER SUPPLIES 
(D.43) 



1 . i NT RO DUCT ION 

The Power Supply schemcrtic Is shown In Figure 5.1* All hhe rectfffers used 
are semiconductor diodes^ thus ensuring □ minimum of delay for the rectified 
voltages to obtain their maximum value, 



2. CIRCUITRY 

The mains transformer (T401) provides all the required voltages from Its 
secondaries* The primary may be adjusted, by means of c double-link Input 
voltage selector panel, for operation on alternating voltages from 90 - 130 V and 
200 - 240 V, 50 - 60 cycles. 

2. 1 HT Supplies 

The silicon rectifiers (MR401, MR402}, together with C 404 and C405, form 
a voltage doubling circuit* This supplies the various HT voltages HT 1 to NT 6 
via smoothing and decoupling components. The values of the six avclloble HT 
voltages are shown against the appropriate outputs in Figure 5*1* Voltages on 
valve electrodes^ where oppiicable, are similarly shown in the related schematics. 

2.2 EHT Voltages 



2*3 Low Tension 



The secondary windings of T401 include a low tension Winding, giving 6*3V 
and 12*6V* This provides heater supplies^ pilot light and graticule illumination, 

A separate 6*3V winding is used for the heater of the CRT (see Chapter 4 Section 
2,1), This avoids a large potential difference between the heater and cathode, 

2*4 Calibration Voltage 

A squarewave of 1 volt peak to peak is provided for calibration purposes as 
described in Chapter 6* This is obtained by applying the 150 volts tapping onT401 
to a zener diode MR407 via C402, R403, The voltage across MR407 is then 
attenuated by R404, R406, R409, RV410 to provide Iv squorewove* 

The temperature coefficient of R406 is selected to match that of the zener 
diode, so effecting compensation over a wide variation of temperature. 

The variable resistor (RV410) allows the amplitude of the cclibrotlon voltage 
to be set ot exactly I volt* 

2*5 Generol 

A fuse (F40I) In the primary circuit, in series with the POWER switch (S401 ), 
protects the transformer (T 401) against overload. The SCALE ILIUM control is 
coupled mechanically to the mains Switch; it varies the brightness of the lamps 
Illuminating the graticule and consist of a potentiometer (RV401) across the 6.3 V 
winding (see Chapter 4), 



The EHT supply for the cathode ray tube (CRT) Is derived from the 875 V 
tapping on the secondary of T401 via the silicon rectifiers (MR404) . A 1200 V 
transformer tapping supplies the post-deflection accelerator voltage: MR403 and 
MR405 are the rectifiers In a voltage doubling circuit* The negative side of this 
multiplier is returned to HT+-3. 
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CHAPTER 5A 



2 . 3 Liiw T ensEon 



PQV^^ER 5UPPUES 
(5.43 ) 

1 . introduction 

The Power Supply schematic (S shown m Figure 5-2. All the recHFlers used 
are semtconductor diodes, thus ensuring a minEmum of delay for the rectified 
voltages to obtain their ma>timum value* 



2* CIRCUITRY 

The moms transformer (Tl) provides oil the required voltages from Its 
secondaries. The primary may be adjusted, by means of a double-link input 
voltage selector panel, for operation on aEternating voliages from 90 - 130 V and 
200 - 240 V, 50 - 60 cycles. 

2*1 HT Supplies 

The silicon rectifiers (MR5 and MR6), together with C222 and C223, form a 
voltage doubling circuit. This supplies the various HT voltages HT 1 to HT 6 via 
smoothing and decoupling components* The values af the six aval lade HT voltoges 
are shown in recta ng les age inSt the appropriate outputs In Figure 5,2* Voltages 
on valve electrodes, where opplicoble, are similarly shown in the related 
schematics . 

2*2 EHT Voltages 

The EHT supply for the cathode ray tube (CRT) is derived from the 760 V 
topping on the secondory of Tl via the semiconductor rectifiers (MR4). The 1000 V 
transformer topping supplies the post-deflection accelerator voltoge: MR2 and MR3 
□ re the rectifiers in □ voltoge doubling circuit* The negative side of this 
multiplier Is returned to HT+3. 



The secondary windings of Tl include o low tension winding, giving 6*3 V 
and 12*6V, This provides heater supplies, pilot light end graticule iMumi nation, 

A separate 6*3V winding is used for the heater of the CRT, This avoids a large 
potential difference between the heoter and cothode* 

2*4 Calibration Voltage 

A squorewave of 1 volt peak to peak is provided for calibrating purposes as 
described in Chapter 6* 

The voltage from the 150 volts topping on T401 is applied via C424, R438 to 
a zener diode MR40K The voltage across MR401 Is then ottenuoted by R437, R434, 
R435, RV436, to provide Iv squarewove. 

The temperature coefficient of R434 Is selected to match that of the zener 
diode, so effecting compensation over a wide variation of temperature. 

The variable resistor (RV236) allows the omplitude of the calibration 
voltage to be set ot exactly 1 volt* 

2*5 General 

A fuss (FI) ir> the primary circuit, In series with the POWER switch (SB), 
protects the transformer (Tl) against overlood . The SCALE ILLUM control Is 
coupled mechanically to the mains switch; it varies the brightness of the lamps 
i llumlnating the graticule and consists of a potentiometer (RV226) across the 6.3 V 
winding* 
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CHAPTER 6 



AMINTENANCE, SERVICING AND SETTING-UP PROCEDURE 



1. GENERAL 

The slirtpflciiy of the circuitry of the oscilloscopes rnakes them extremely 
reliablSj rnstrumenl-s. For the most part, servicing will be limited to the reploce- 
ment of jdefective volves, but should a less common fault occur no difficulty should 
be experienced in detecting the source^ if the circuit diogtxiins are used, m 
con[unction with nonrnal test procedure. Test voltoges at critical points are shown 
on the circuit diagrams, and the location of major components Is given on 
Plates 2-4, 



2, DISMANTLING FOR SERVICiNG 

The "unit" method of construction used ensures thot oil components ore 
easily accessible for testing and servicing. The Timebose and Vertical Deflection 
Amplifier are built as detachable units and may be withdrawn os follows: 

2-1 Removing or Changing the Vertical Deflection Amp lifier 

The Vertical Deflection Amplifier is eosi ly withdrawn when the two knurled 
nuts at either side of the front panel ore removed . The amplifier rrxjy then be 
pu! led. out from the front. When replacing the amplifier (or substituting another 
type amplifier) the two locating pins at the bock of the amplifier chassis should be 
directed through the holes at the rear of the moln instrument chassis. Then all the 
amplifier connections will be made outomatica f [y as the amplifier is pushed homd , 

When withdrawing the amplifier a slight resistance may be experienced until 
the spring clips, which provide connections for the CRT Y plates end internal 
triggering outputs, ore released. 



2,2 Removing the Timebose Unit 

To remove the Timebase the cover plates of the oscilloscopes must be 
removed, by loosening the Philips type screws securing the carrying handle (the 
handle need not be removed). Then proceed as follows: 

(1) Remove the upper and lower fixing screws at the rear of the chassis, 

(2) Disconnect the novo! plug on the lead from the timebase unit from the main 
chassis wall, 

(3) Disconnect the flying leads to the X plates of the CRT (XI plate - white, 

X2 plate “ orange), and the two leads for the intenxil triggering inputs from the 
amplifiers, 

(4) Withdraw the timebase by sliding it forward out of the front of the 
instrument. 

2-3 Access to the Power Supply ond CRT Circuitry 

Access to the Power Supply and CRT Circuitry is by removal of the reor 
cover plate of the oscilloscope. This is secured by the two screws at either side of 
the voltage selector panel. The components in these circuits ore easily identified 
from the circuit diagrams. The voltage tappings on the transformer are morked* 



REPUVCEMENT OF DEFECTIVE VALVES 

When replacing valves In the Vertical Deflection Amplifier It is necessary 
to select pairs of valves having opproxlmate ly the same chorocterlstlcs, so that the 
Y SHiFT control operates symmetrically obout the centre of the screen. Apart 
from th is, little effect on the performance of the Vertical Deflection Amplifier 
should be experienced when valves are replaced, and no further readjustments 
should be necessory. 

In the Sweep Generator and associated Amplifier the valve characteristics 
are not critical, and valves may be replaced without readjusting the preset controls. 

If the internal preset controls should require readjustment, the following 
detailed instructions should be followed. 
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4. SETTING-UP PROCEDURE 



4.3 Adjustments for Using Probe 



4.1 Input Attenuator 



The eight tnmmer oapacltors of the Input Attenuator Switch (Cl 2, C13, 04^ 
C8^ C9, C5, C2 and C3) are accessible for adjustment when the left-hond side 
pfate IS removed from the Instruirient. They are situated at the front of the 
Vertical Deflection Amplifier In two parallel rows of four, seporoted by a metaf 
screen* Plate 3 shows the position of each trimmer. 

4*2 Apparatus and Procedure 

In order to carry out this adjustment a squarewave generator Is required, 
giving a frequency of approximately 2 Kc/s; its output must be variable between 
0.2 V ond 100 V. The rise time of the squarewave need not be particularly fast, 
but it must have good, flat tops and bottoms. The odjustment procedure Is as 
fol lows: 

(1) Connect the square wave generator to the INPUT socket and odjust its out- 
put to approximately 0,2 V. 

( 2 ) Set the Input attenuator to 0. 1 volt/cm. Adjust the sweep controls to 
display three cycles of the squarewave on the screen, 

(3) Adjust each copacitor in turn, to give square corners to the waveform. The 
input attenuator switch should be turned to the appropriate setting as shown in the 
table below. At the same time, adjust the output of the squarewave generator to 
give a trace of 2 - 3 cm. amplitude in each cose. 



Input Attenuator 


Capacitor to be 


Setting 


adjusted 


0.2 volf/cm. 


C12 


0.5 ■' " 


C13 


i.O “ " 


C4 


2.0 " " 


cs 


5.0 “ " 


C9 


10.0 " " 


C5 



The capacitors C2 and C3 affect compensation only when the High 
Impedonce probe Is in use. To adjust them proceed as follows: 

(1) Remove the square wave generator from the input socket ond plug in the 
High Impedance probe. Connect the output of the generator to the probe tip. 

(2) Set the input attenuator to 0. 1 volt/cm. and the square wave generator 
output to give approximately 2 cm. vertical deflection. 

(3) Adjust the probe trimmer, which is accessible through a hole In the probe 
body, to give a flat top fo the square wave. 

(4) Switch the Input ottenuator to the 1 volt/cm. range. Readjust the square 
wave generator output as before, and adjust C2. 5et the input attenuator to the 
10 volts/cm. range and odjust C3. All other ranges will automatico [ly be correct. 

4 .4 Adjustment of High impedance Probe Cornpensation Trimmer 

This odjustment is best carried out with a square wave generator at an output 
frequency of 1 Kc/$. Connect the prabe to the INPUT socket and apply it to the 
signal generator output. The compensation trimmer Is accessible through the hole 
In the body of the probe ond should be adjusted to give square wave comers to a 
few cycles of the 1 Kc/s square wave displayed on the screen. 



5. VERTICAL AMPL[FIER ADJUSTMENT 
5. 1 General 

The preset controls on the Vertical Amplifier type A ore fhe preset 
astigmatism control (RV50) and the high frequency compensation Inductors (1-21, L22, 
L23, and L24) . 1 he Set Gain controls are readily accessible on the front panel ard 

their adjustment is described In Chapter 1.. The remaining .controls ore accessible 
for adjustment through the bottom of the instrument. Plate 3 shows their position. 



When this procedure is correctly carried out, the 20 volts/cm. and 
50 voltv^cm. ranges ore automatically correct. 
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This sfiould not be attempted unless a squarewove generator capable of 
producing an accurote squore wave at 250 Kq/s, with a rise time of less than 40 
mi H i microseconds. Is availoble. It must also be absolutely free fnom ring or over- 
shoot. 

The H*F, compensotlon circuits ore extremely stable, and unless such a 
generator is available, it is best not to ottempt any reod[ustment. Suitable square 
wave generators are the Tektronix and the Hewlett Packard Type 211a* 

If such □ generator is available, tbs following procedure should be adopted: 

(1) Connect the square wove generator to the input socket. Set the attenuator 
switch to 0.1 volt/cm* 

(2) Ad[ust the output of the generator to give a vertical deflection of 2 - 3 cm. 
The output frequency of the meter should be between 200 and 300 Kc/s. 

(3) Ad[ust the inductors {L21, L22, L23 and L24) to obtain a flat topped square 
wave with a fast rise time, square qorners and no overshoot. It may be necessary 
to adfust any or all of these to obtain the desired result* The inductors affect the 
extreme comers of the square wavejond should be od[usted $o that their inductances 
are approximately equol. 

5.3 Preset Astigmatism Correction 

The variable resistor (RV50) should be adjusted so thot the DC potential of 
the Y plates of the CRT remains the same in either position of the Vertical 
Deflection Amplifier gain switch ( Y GAIN ). This control is accessible on the 
right-hand side at the reor of the Amplifier, as shown in Plate 3. 



THE TRIGGER CIRCUIT 

RV127 ie adjusted to give moximurn trig serrslfivity and RV135 is adjusted so 
that the LEVEL control operates symmetrica 1 ly about its mid-posItlon , 



Procedure 



The internal calibration signal may be used to make this adjustment. 

(1) Connect the CAL 0/ PI V P - P end 1 NPUT sockets and set the TIME/ 
CM switch to 500 u^TcrrT 

{2) Set the input attenuator to the 5 V/cm. range. This gives a trace 2 mm. 
high . 

(3) Adjust RV127 to give maximum trigger sensitivity without mu Iti-trlggerlng 
on AUTO, + ve or - ve. 

(4) Set the V/cm. switch to 0,2 v/cm* range and set RV135 so that the LEVEL 
control operates symmetrically about its mid-position. 

(5) Re-check RV127 setting. 



7. THE SWEEP GENERATOR AND AMPLIFIER 
7.1 Trace Length Control (RV148) 

Set TIME/CM . to 1 Mv^cm. and STABILITY control fully clockwise, adjust 
Trace Length (RV14^ control to give approx. 40 v ot the sweep output terminal. 
Turn STABILITY fully onti-clockwlse nnd if the time base does not stop, turn Trace 
Le ngth/R V 1 48) anti -clockwise until It does* 



7.2 FrequencyCompensation Trimmer C116 



Short together pins 7 ond 8 on TB power socket. On lOu S/cm. range with 
X G A| N at minimum Increasing C 1 16 wi 1 1 produce □ sma II 'toi I' to the left of the 
spot at the start of the time base. The correct setting of Cl 16 ii that af which the' 
’tali' just disappears Into the spot. With X GAIN at maximum adjust neutralizing 
by bending wire connected to anode of V108B until the 'toil' just disappears. 

Check setting of C116 at minimum gain and repeat until notating the X GAIN from 
maximum to minimum produces no *tail^ on the spot In either direction. 
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7 . 3 Presat Speed Adjustments (RV172, C231 ) 

Set X GAIN to mmirnum and TIME/CM \o 1 Ms/cm . Remove the short 
between pi/is 7 and Sand display □ 1 Kc/s crystal controlled waveform. Set RV172 
SET SPEED control to give one cycle per cm. Turrj STABILITY control fully clock- 
wise. Set trace length (RV148) to give sl+ghtly more than 8 cms. of troce. Set 
TIM^CM to 1 uS/cm* and display 1 Mc/s crystal controlled waveform. Adjust ^ 
C231 to give one cycle per cm* (On T42 sel TIM^/CMto 0.5 uSec/cmand adjust 
C276 to give 1 cycle per two cms), 

pn T42 time base set RV195 so that the X SHIFT control moves the trace by 
equol oipounts to the left and right. 

7*4 Single Shot Adjustment (RV2Q~t) ( T42 only ) 

Display the CAL waveform, switch to SINGLE SHOT and set RV201 to the 
centre of the range over which the time bose triggers correctly when the RESET 
button IS pressed . 



8* ADJUSTMENTS IN THE POWER SUPPLY CIRCUIT 
The Cotlbration Voltage ( D.43) 

The preset variable resistor (RV410) in the calibration voltage supply circuit 
( Power Supply Circuit, Fig* 5.1) is provided so that the output voltage can be ^et 
to precisely 1 volt peak to peak. This adjustment can only be made by compering 
the calibration voltoge with a known, occurate 1 volt peak to peak signal. 

In practice RV401 should not require adjustment* If MR407 fs replcrced an 
equivalent type must be used. 

RV410 Is locoted on the large printed circuit board it the rear of the 
instruinent* 



The Calibration Voltage ( S .43 ) 

The preset variable resistor (RV236) In the calibration voltage supply circuit 
(Power Supply Circuit, Fig* 5.2) is provided so that the output voltage can be set to 
precisely 1 volt peak to peak* This adjustment can only be made by comparing the 
calibration voltage with a known, occurate 1 volt peak to peck signal. 

In practice RV236 should not require adjustment* If MR401 Is reploced an 
equivalent type must be used, 

RV236 is located beneath the metal cover at the reor of the Instrument, on o 
tog board under the yoke bearing the mains voltage selector panel. It Is the inner 
of the two preset resistors on this tag boord, and must not be confused with the outer, 
which is RV220 (Fig. 4.2) (SET SHIELD VOLTS). 



9. CRT CIRCUIT ADJUSTMENTS ( D.43 ) 

There are three pre-set controls on a printed circuit board, mounted above 
the CRT on the power supply chassis. 

RV305 adjusts the inter-deflection plate shield voltage* The potential is 
adjusted to give minimum pincushion and barrel distortion. The control is set 
during test and no further adjustment should be necessary unless the cothode ray 
tube is changed . 

RV313 adjusts the alignment of the two traces. To do this, a sine or square 
waveform should be displayed across the trace, on each beam, and the two traces 
then superimposed on to each other. Adjustment of RV313 aligns the two traces 
In the centre of the screen. The traces may, however, be out of adjustment at the 
edges of the CRT * 

Adjustment of RV310 sets the X sensitivities to be equal, so the two traces 
will be a ligned at the edges of the CRT * 

Hence, by adjustment of both RV313 and RV310, the two traces will be 
a ligned over the who le CRT face . 
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CRT Circuit Adjustments (S,43) 



CHAPTER 7 



The Cathode Ray Tube h equipped with an ini-er-def lector plote shield. The 
shield Is returned to o potential divider between HT + 3 from MR2 (Fig, 5. )) ond 
earth, formed by RV220, This potentiometer Is adjusted so that the shield Is ot the 
average potential of the X ond Y defleotor plates . It serves to correct pincushion 
□ nd barrel pattern distortion. The control is set during tests and no further adjust- 
ment should be necessary unless the Cathode Ray Tube is chonged. 



COMPONENTS LIST 
ABBREVIATIONS 



Capacitors 



SM 

CER 

ELEC 

POLY or PS 
POL or PE 
P 

PC 



Si Jver Mica 
Ceramic Tubular 
Electrolytic 
Polystyrene 
Polyester Fi Im 
Paper 

Polycarbonate 



Resistors 

C 

HSC or HS 
WW 
MO 
MF 



Carbon Composition 
High Stability Carbon 
Wire Wound 
Metal Oxide 
Metol Fi Im 



In the following component lists, no monufacturei^’ names have been 
Included. When replacing components, locally avafloble alternatives may be used 
If exact replacements are not to hand provided the physical size is the same. 



It Is; however, preferable to use exact replacements whenever possible and 
these should be ordered direct from: 



TELEQUIPMENT LIMITED 
313 Chase Road 
Southgate, 

LONDON, N.I4. 
Telephone: FOX Lane 1166 
Telegraphs Telequipt . London, N,14. 

or from our Agents, 
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INPUT attenuator TYPE A 



AMPLIFIER T Y P E A 



Part 
No * 


C.C,T. 

Ref. 


Vo lue 


Description 


12M 


R I 


900K 


HSC 


IIM 


R 2 


990K 


HSC 


13M 


R 3 


niK 


HSC 


20M 


R 4 


lOJK 


HSC 


UM 


R 5 


500K 


HSC 


13M 


R 6 


800K 


HSC 


lOM 


R 7 


)M 


HSC 


]7M 


R 8 


250K 


HSC 


lOM 


R 9 


IM 


HSC 


S10410 


RIO 


TOOK 




SlOllO 


RU 


100 


C 


SIBOTO 


R12 


18 


C 


SlOllO 


R13 


TOO 


C 


SIBOIO 


R]4 


18 


C 


16K 


C T 


OJuf 


POL 


16J 


C 2 


6-30pf 


CER TRIMMER 


16J 


C 3 


6"30pf 


CER TRIMMER 


I6i 


C 4 


6-3 Opf 


CER TRIMMER 


T6J 


C 5 


6-30pf 


CER TRIMMER 


59K 


C 6 


lOOpf 


SM 


6)K 


C 7 


lOOOpf 


SM 


16J 


C 8 


6-30pf 


CER TRIMMER 


16J 


C 9 


6-30pf 


CER TRIMMER 


63 X 


CIO 


I5pf 


SM 


64X 


CTI 


20pf 


SM 


I6J 


C]2 


6-30pf 


CER TRIMMER 


1 6J 


CT3 


6-30pf 


CER TRIMMER 


65X 


CU 


30pf 


SM 


63X 


CIS 


15p( 


SM 


67J 


CT6 


O.Oluf 


POL 


52D 


S T 




SV/ITCH AC/DC 


22D 


S 2 




SWITCH VOLTS/CM 





Rating 


Part 


CX.T. 


Tolerance 


"S' 70“C 


No , 


Ref, 


1% 


! 

3W 


S15310 


R21 


]% 


1 

3:w 


S10210 


R22 


1% 


i^v 


S15210 


R23 


1% 




siono 


R24 


1% 


iw 


S10210 


R25 


1% 


1 

zw 


S15310 


R26 


1% 


1 


siono 


R27 


1% 


iw 


Y103I0 


R28 


1% 


iw 




( RV29 


10% 


1 


6C 


( RV34 


10% 


1 


Y10310 


R30 


10% 


iw 


Siono 


R31 


10% 


1 


31X 


R32 


10% 


1 


S56310 


R33 






5563 to 


R35 


10% 


400v 


Siono 


R36 




250v 


siono 


R37 




250v 


Y68205 


R38 




250v 


3 IX 


R39 




250v 


38C 


RV40 


10% 


350v 


38C 


RV41 


10% 


350v 


Y272I0 


R42 




250v 


Y68205 


R43 




2S0v 


SlOOlO 


R44 


5% 


350v 


37M 


R45 


5% 


350v 


37M 


R46 




250'/ 


Y27210 


R47 




250v 


Siono 


R4S 


5% 


350v 


siono 


R49 


5% 




60C 


RV50 


10% 


400v 


siono 


R51 






31X 


R52 






30X 


R53 






SlOllO 


R54 






31X 


R55 











Rating 


Value 


Description 




To lerance 


70=C 


15K 


C 




10% 


1 

4W 


IK 


C 




10% 


iw 


1.5K 


c 




10% 


1 


100 


c 




10% 


iw 


IK 


c 




10% 


iw 


15K 


c 




10% 


iw 


100 


c 




10% 


iw 


lOK 


c 




10% 


'2'W 


25K 


Potentiometer 


■Y Shift* 






lOOK 


II 


’Vernier* 






lOK 


C 




TO% 


iw 


100 


c 




10% 


iw 


7,5K 


w/w 




10% 


3w 


56K 


c 




10% 


iw 


56K 


c 




10% 


1 

3W 


100 


c 




10% 


iw 


100 


c 




10% 


1 


6.8K 


c 




5% 


iw 


7,5K 


w/w 




10% 


3w 


IK 


Potentiometer 


'Set Y Gain 


XI' 




IK 


Potentiometer 


'Set Y Gain 


XIO' 




2.7K 


C 




10% 


1 

2W 


6-8K 


C 




5% 


iw 


10 


C 




10% 


1 

4W 


lOK 


ww 




5% 


3w 


lOK 


ww 




5% 


3w 


2,7K 


c 




10S4, 


iw 


100 


c 




10% 


1 

JW 


100 


c 




10% 


iw 


25K 


Potentiometer 


* Preset Astig 


Balance' 




100 


C 




10% 


iw 


7,5K 


WW 




10<=/o 


3w 


3,3K 


ww 




105L. 


5w 


100 


c 




1054 


iw 


7.5K 


ww 




1054 


3w 
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AMPLIFIER TYPE A (continued) 



TRIGGER CIRCUIT & TIME BASE 041) 



Part 


CX.T* 








Rating 














No* 


Ref, 


VoJue 


Descript ion 


Tolerance 


© 70t>C 


Part 


C.C J. 








Rating 














No! 


fief. 


Va iue 


Descriptior^ 


Tolerance 


© 70°C 


S22210 


R56 


2,2K 


C 


10% 


iw 














S10210 


R57 


IK 


c 


10% 


L 


968510 


RIOT 


6.8M 


C (TD41 only) 


10% 


iw 


S132T0 


RS3 


K5K 


c 


10% 


iw 


968510 


R102 


6*8M 


C 


10% 


1 

3W 


S10310 


R59 


lOK 


c 


10% 


iw 


SlOllO 


R103 


100 


C 


10°^, 


iw 


S10310 


R60 


lOK 


c 


10% 


iw 


S10510 


R104 


IM 


C 


10% 


iw 














S18010 


R105 


18 


C 


10% 


T 

4W 














S15210 


R106 


K5K 


C 




iw 


56X 


C20 


8 


ELEC REVERSIBLE 




25v 


S68210 


R107 


6.8K 


C 


10% 


iw 


]6K 


C21 


0.1 


POL 


20% 


40Ov 


S33210 


R103 


3.3K 


C 


10% 


1 

3;w 


18J 


C22 


8 


ELEC 




150v 


SIOllO 


R109 


100 


C 


10% 


iw 


33X 


C23 


250 


ELEC 




16v 


SlOllO 


RllO 


100 


C 


10% 


i'w 


33X 


C24 


250 


ELEC 




18v 


S10510 


RHl 


IM 


C 


10% 


iw 


20K 


C25 


4700pf 


P,E, 


20% 


125v 


S22410 


R112 


220K 


C 


10®% 


iw 














S1S310 


R113 


15K 


C 


10% 


iw 


36Y 


N1 


3L 


NEON 




60v 


933510 


R114 


3.3M 


C 


10% 


iw 


36Y 


N2 


3L 


NEON 




60v 




RV115 




See RV152 


















933510 


R116 


3*3M 


C 


10% 


iw 














siono 


R117 


100 


C 


10% 


iw 


Brown 


L21 


3*9/7*5^H 


Variable Inductor 






SlBOlO 


R118 


18 


C 


10% 


iw 


Brown 


L22 


3*9/7. 5^H 


Variable Inductor 






S10310 


R119 


lOK 


c 


10% 


iw 


Oronge 


L23 


7/16vjH 


Variable Inductor 






Y22310 


R120 


22K 


C 


10% 


^w 


0 range 


L24. 


7/16pH 


Variable Inductor 






S33410 


R121 


330K 


c 


10% 


iw 




L25 


M5pH 1 


Chokes 16 turns on 4.7K 


10% 




S66410 


R122 


680K 


c 


10% 


1 

^w 




L26 










S10410 


R123 


TOOK 


c 




iw 














SlOllO 


R124 


100 


c 


10% 


iw 


lOE 


MR21 




Diode ZS71 






S47410 


RT25 


470K 


c 


10% 


1 

4W 














S6S310 


RI26 


6SK 


c 


10% 


iw 














16C 


RVI27 


470 


Preset Potentiometer 


20% 


iw 


28D 


S3 




Switch XI - XIO 'Y GAIN' 






S22210 


R128 


2.2K 


C 


10®^. 


3W 














S10210 


R129 


IK 


C 


10% 


iw 


26T 


VI 




Valve MulJord EF184 






S33310 


R130 


33K 


c 


10®% 


3:w 


26T 


V2 




Valve Mullcrd EF184 






S10410 


R131 


lOOK 


/" 


10®% 


iw 


m 


V3 




Valve Mu Hard ECCB8 






SlOllO 


R132 


100 


c 


10^4 


iw 


1ST 


V4 




Valve Mu Hard ECC88 






Y22310 


R133 


22K 


c 


10^4 


iw 


}BT 


V5 




Valve Mullard ECC88 






S6S310 


R134 


68K 


c 


10% 


iw 














112C 


RV135 


47K 


Preset Potentiometer 


20% 


iw 
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TRIGGER CIRCUIT & TIME BASE (T4I) (eorinnued) 



Port 

No. 


C,C.T, 

Ref* 


Value 


Desc riptlon 


ToEerance 


Rating' 

©■70OC 


510310 


R136 


lOK 


C 


10% 


1 


S22410 


R137 


220K 


C 


10% 


iw 


Y68310 


R133 


63K 


C 


10% 


Jw 


SlOllO 


R139 


100 


C 


10% 




SlOllO 


R140 


100 


C 


10% 


iw 


S56310 


RUl 


56K 


C 


10% 


1 

JW 


533205 


R142 


3*3K 


C 


5% 


iw 


SI 5305 


R143 


15K 


C 


5% 


iw 


S82310 


R144 


82K 


C 


10% 


T 


SlOllO 


R145 


100 


C 


10% 


iw 


S18410 


R\46 


180K 


C 


10% 


iw 


S68310 


R147 


6SK 


C 


10?i 


iw 


104C 


RV148 


lOOK 


Preset Potenttometer 'T/B Length' 




515410 


R149 


150K 


C 


10% 


iw 


510H0 


R150 


100 


c 


10% 


iw 


S22310 


R151 


22K 


c 


l(P/o 


iw 




RV115) 


lOOK ) 


Potentiometer 


' Leve 1 ' 




115C 


RV152) 


lOK ) 


Potentiometer 'Stability' 20% 


2w 




S104 ) 




Switch Auto ON/OFF 




S12310 


R1S3 


12K 


C 


10% 


iw 


siono 


R154 


100 


C (Positioned 


on copper side) 10% 


1 


S56310 


R155 


56K 


c 


10% 


iw 


S33410 


R156 


330K 


c 


10% 


iw 


SlOllO 


R157 


100 


c 


10% 


iw 


S10510 


R15S 


IM 


c 


10% 


1 

4W 


S18010 


R159 


18 


c 


10% 


1 

4W 


Y 10305 


R161 


lOK 


c 


5% 


iw 


Y56205 


R162 


5.6K 


c 


5% 


iw 


S33405 


R163 


330K 


c 


5% 


HW 


S56405 


R164 


360K 


c 


5% 




S51405 


R165 


510K 


c 


5% 


1 

^w 


SlOllO 


R]66 


100 


c 


10% 


iw 


102M 


R167 


22K 


MO 


5% 


3w 


siono 


R168 


100 


c 


10% 


1 

^w 


010310 


R169 


lOK 


c 


10% 


Iw 



TRIGGER CIRCUIT & TIME BASE (T4i) (continued) 



Rart 


CX.T. 




No * 


Ref* 


Va !ue 




RVt71 




106C 


RV172 


25 K 


Siono 


R173 


100 


siono 


R374 


100 


010310 


R175 


lOK 


102M 


R176 


22K 


916595 


R177 


1*6M 


S75405 


RI78 


750K 


108M 


R179 


150K 


S18110 


R180 


18 


106M 


RIBI 


82K 


107C 


( RV182 


50K ) 




( RV171 


lOK ) 


S10310 


R133 


lOK 


015310 


R184 


15K 


S824I0 


R18S 


820K 


74J 


CIO] 


3.9pf 


74J 


C102 


3,9pf 


67J 


C103 


.01 


67J 


C104 


*01 


6dJ 


CIOS 


,1 


66J 


C106 


. 1 


33K 


C107 


*1 


66J 


CIOS 


. 1 


76J 


C109 


470pf 


66J 


cno 


0.1 


69J 


cm 


lOOpf 


39K 


C112 


CER 


39K 


C1I3 


15pf 


45K 


ai4 


lOpf 


41K 


C115 


30pf 


75J 


C116 


l0-40pf 


65J 


C117 


0.1 


26K 


C118 


OJ 



Descrfptlon 

See RV182 
Preset Potentiometer 
^Set Speed' 
C 
C 
C 

MO 

C 

C 

HSC 

C 

HSC 

Potentiometer ^ 

A Gam 

C 

C 

C 

CER (TD41 cnly) 

CER 

POL 

POL 

POL 

POL 

POL 

POL 

CER 

POL 

POLY 

CER 

CER 

CER 

CER 

TRIMMER 

POL 

POL 



To ferance 


Rating 

@70oc 


20% 


i 

iCW 


10% 


1 

^W 


10% 


1 

sw 


10% 


Iw 


5% 


3w 


5% 


iw 


5% 


1 

4w 


\% 


iw 


10% 


1 

^w 


1% 


iw 


20% 


2w 


10% 


1 

zw 


10% 


Iw 


10% 


1 




750v 


■RspF 


750v 


20% 


400v 


20% 


400v 


2054 


250v 


20% 


250v 


205'i 


T25v 


20% 


250v 


10% 


500v 


2054 


250v 


10% 


350v 


554 


750v 


5% 


750v 


1054 


750v 


1054 


750v 


20% 


400v 


20% 


400v 
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TRIGGEf^ CIRCUIT & TIME BASE (T41) (contmued) 



Part 


C.C.T. 








Rati ng 


No. 


Ref. 


Value 


Description 


Tolerance 




71J 


C119 


50uf 


ELEC 




ISOv 


70J 


C\20 


0.047 


POL 


20% 


250v 


66J 


C121 


0.1 


POL 


20% 


25CV 


45K 


C122 


lOpf 


CER 


20% 


750v 


34E 


MRlOi 




Diode OA 81 






34E 


MR 102 




Diode OA 31 






34E 


MR 103 




Diode OA 81 






34E 


MR104 




Diode OA 81 






34E 


MR105 




Diode OA 81 






34E 


MR 106 




Diode OA 31 






34E 


MRio; 




Diode OA 8] 






34D 


SlQl ) 




Trig. Selector Switches 






25D 


S102 ) 










S103 




See RV284 








S104 




See RV115 and RV152 






]01 


VlOl 




Valve ECF 80 






m 


V102 




Valve ECF 80 






18T 


V103 




Va Ive ECC 83 






1ST 


V104 




Valve ECC 88 






IIT 


V105 




Vo Ive EB 91 






lOT 


V106 




Valve ECF 80 






TOT 


V107 




Valve ECF 80 






lOT 


V108 




Valve ECF 80 







TIME/CM SWITCH CIRCUIT 



Part 

No, 


C.C.T. 

Ref. 


Va lue 


Description 


Tolerance 


Rating 
@ 70^C 


947510 


R276 


4.7M 


C 


10% 


iw 


S33410 


R277 


330K 


C 


10% 


iw 


S47410 


R279 


470K 


C 


10% 


iw 


10M 


R279 


IM 


HSC 


1% 


iw 


lOM 


R280 


1M 


HSC 


1% 


iw 


107M 


R281 


3M 


HSC 


1% 


iw 


922510 


R2B2 


2.2M 


C 


10% 


:^w 


912510 


R233 


K2M 


c 


10% 


iw 




{ S103 


) 


Switch 'IB ON/OFF 






\ UJtw 


(RV2S4 


IM ) 


Potentiometer 'Varioble' 


20% 


1 


S10510 


R28S 


IM 


C 


10% 


iw 


510410 


R286 


lOOK 


C 


10% 


iw 


S47410 


R237 


470K 


C 


10% 


jw 


37J 


C276 


0.2 


POL 


1% 


160v 


43J 


C277 


2 


POL 


3% 


1 60v 


37K 


C278 


0.02 


POLY 


1% 


350v 


36K 


C279 


2000pf 


POLY 


2% 


350v 


46J 


C280 


180pf 


POLY 


2% 


35CV 


16J 


C281 


6-30pf 


TRIMMER 






27D 


S276 




TIME/CM Switch 
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TRIGGER CIRCUIT & TIME EASE (T42) 



Pert 
No . 


C.C.T. 

Ref. 


Va lue 


Desen ption 


Tolerance 


Rating 
@ 70°C 


9685)0 


RlOl 


6,8M 


C (TD42 ort[y) 


10% 


iw 


968510 


R102 


6,3M 


C 


10% 


3W 


SlOllO 


R103 


100 


C 


?o% 




S 105 10. 


R104 


IM 


C 


10% 


iw 


S18010| 


R105 


18 


C 


10% 


JJW 


S15210I 


R106 


K5K 


C 


10% 


iw 


S68210 


R107 


6,8K 


C 


10% 


iw 


S33210 


R108 


3,3K 


C 


10% 


1 

4W 


S10110 


R109 


100 


C 


10% 


iw 


SlOllO 


R]10 


100 


c 


10% 


iw 


S1O510 


RUl 


IM 


c 


10% 


iw 


S22410 


R112 


220K 


c 


10% 


1 

4W 


S15310 


R113 


15K 


c 


10% 


iw 


933510 


RIU 

Rvns 


3.3M 


c 

See RV152 


1(714 


iw 


933510 


R116 


3.3M 


C 


10^4 


iw 


SlOllO 


R117 


100 


C 


10% 


4W 


S13010 


R118 


13 


C 


W/o 


aw 


S10310 


R119 


lOK 


C 


10% 


1 

4:v 


Y22310 


R120 


22K 


C 


10% 


iw 


S33410 


R121 


330K 


C 


10% 


1 


S68410 


R122 


6B0K 


C 


10% 


aw 


S10410 


R123 


lOOK 


C 


W4 


1 

aw 


SlOllO 


R124 


100 


C 


10% 


iw 


S47410 


R125 


470K 


C 


10% 


iw 


S68310 


R126 


68K 


C 


10% 


iw 


16C 


RV127 


470 


C PotenHometer Presei 


20% 


aw 


S222I0 


R128 


2.2K 


C 


10% 


iw 


S10210 


R129 


IK 


C 


10^4 


iw 


S33310 


R130 


33K 


C 


10% 


iw 


S10410 


R131 


lOOK 


C 


lC7=/o 


iw 


SlOllO 


R132 


100 


C 


10% 


iw 


Y22310 


R133 


22K 


C 


10% 


T 

2W 


S68310 


R134 


68K 


C 


10% 


aw 


112C 


RV135 


47K 


Potentiomei-er Preset 


20^4 


aw 



TRIGGER CIRCUIT & TIME EASE (T42) (continued) 



Part 
No . 


C.C.T. 

Ref. 




Value 


De^crl ption 


To lerance 


Roting 
:.a 7CPC 


S10310 


TtI36 




lOK 


C 


10% 


iw 


S22410 


R137 




220K 


c 


10S4 


1 

aw 


Y68310 


R138 




68K 


c 


10% 


iw 


SlOllO 


R139 




100 


c 


10% 


1 

aw 


SlOllO 


RUO 




100 


c 


10% 


iw 


S36310 


R141 




56K 


c 


10% 


iw 


S33205 


R142 




3.3K 


c 


5% 


1 

aw 


S 15305 


R143 




15K 


c 


5% 


iw 


SS2310 


R144 




82K 


c 


10% 


1 

aw 


siono 


R145 




100 


c 


10% 


iw 


S18410 


RU6 




180K 


c 


10^4 


iw 


S<68310 


R147 




68K 


c 


10% 


iw 


104C 


RV148 




lOOK 


Potentiometer Preset^T/B Length' 














20% 


iw 


S15410 


R149 




150K 


C 


10% 


iw 


SlOllO 


RI50 




100 


C 


10% 


1 

aw 


S22310 


R151 




22K 


c 


10% 


aw 




RV115 


) 


lOOK 


Potentiometer ’Level' 






115C 


RV152 


) 


lOK 


Potentiometer ’Stab' 


20% 


2w 




S104 


) 




Switch Auto Cty^Off 






S12310 


R153 




12K 


C 


10S4 


1 

aw 


510110 


R154 




100 


C (Positioned on copper 


side) 10S4 


1 

aw 


S56310 


R155 




56K 


C 


10^4 


iw 


S33410 


R156 




330K 


c 


10% 


1 

aw 


SlOllO 


R157 




100 


c 


10% 


iw 


510510 


R156 




IM ' 


c 


10°4 


aw 


518010 


R159 




18 


c 


10% 


iw 


Y 10305 


R161 




lOK 


c 


5% 


^■w 


Y56205 


R162 




5.6K 


c 


5% 


iw 


S33405 


R163 




330K 


c 


5% 


T 

aw 


556405 


R164 




560K 


c 


5% 


iw 


S51405 


R165 




510K 


c 


5% 


1 

aw 


siono 


R166 




100 


c 


10% 


1 

aw 


102M 


R167 




22K 


MO 


5% 


3w 


510110 


R16S 




100 


c 


10% 


1 

aw 
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TRIGGER CIR CUiT & TIME BASE (T42) (conHnued) TRIGGER CIRCUIT & TIME 5A5E (T42) (conHwed) 



Pa rt 
No. 


C.C.T. 

Ref, 


Vcfloe 


Descrb ptlon 


Tolerance 


Rating 

@7CPC 


Part 
No , 


C.C.T. 

Ref, 


Vc 1 u e 


Description 


To [erance 


Rating 
© 70°C 


0T0310 


R169 


lOK 


C 


10% 


Iw 


S56310 


R211 


56K 


C 


10R4 


1 

JW 




RV171 




See RV182 






S10410 


R212 


lOOK 


C 


10% 


iw 


106C 


RV172 


25K 


Potentiometer Preset 
























‘Set Speed' 


20% 


iw 














SlOllO 


R173 


100 


C 


10% 


iw 


74J 


ClOl 


3.9pf 


CER (TD42 only) 


+ipf 


750v 


510110 


R174 


100 


C 


10% 


iw 


74J 


C102 


3.9pf 


CER 


+ipf 


750v 


0)0310 


R175 


)0K 


C 


10% 


Iw 


67 J 


C103 


0.01 


POL 


20% 


400v 


102M 


R176 


22K 


MO 


5% 


3w 


67J 


CI04 


0.01 


POL 


20% 


400v 


103M 


R179 


150K 


HS 


1% 


iw 


66J 


C105 


0 J 


POL 


20% 


250v 


SI8010 


R180 


18 


C 


10% 


iw 


66J 


006 


Q J 


POL 


20% 


250v 


106M 


RlBl 


82K 


HS 


1% 


iw 


33K 


C107 


OJ 


POL 


20% 


125v 


1 fwr' 


RV182 


50K ) 


Potentiometer 'X Shift* 






66J 


C108 


ON 


POL 


20% 


250v 




RV171 


lOK ) 


Gain^ 


20% 


2w 


76J 


C109 


470pf 


CER 


10% 


500v 


S10310 


R183 


lOK 


C 


10% 


iw 


66J 


Clio 


ON 


POL 


20% 


250v 


015310 


R184 


15K 


C 


10% 


1 w 


69J 


on 


lOOpf 


POLY 


10% 


350v 


S82410 


R185 


820K 


C 


10% 


iw 


39K 


C112 


15pf 


CER 


5% 


750v 


S10510 


R190 


IM 


C 


10% 


iw 


39K 


C113 


I5pf 


CER 


5% 


750v 


SlOllO 


R191 


100 


C 


10% 


1 


45K 


014 


lOpf 


CER 


10% 


750v 


S33210 


R192 


3.3K 


C 


10% 


iw 


41K 


C115 


30pf 


CER 


10% 


750v 


S15310 


R193 


15K 


C 


10% 


iw 


17J 


C116 


4-20pf 


TRIMMER 






SlOllO 


R194 


100 


C 


10% 


iw 


26K 


C118 


ON 


POL 


20% 


400v 


18C 


RV195 


IM 


Potentiometer Preset 


20% 


1 

JW 


71J 


C119 


50 


ELEC 




I50v 


S15510 


R196 


K5M 


C 


10% 


iw 


45K 


C122 


lOpf 


CER 


20% 


750v 


S47310 


R197 


47K 


c 


10% 


1 

■^w 


72J 


C123 


220pf 


P.E. 


20% 


400v 


S 10610 


R198 


lOM 


c 


10% 


iw 


lOOJ 


Cl 24 


lOOpf 


CER 


10% 


500v 


S39310 


R199 


Z9K 


c 


10% 


iw 


67J 


Cl 25 


0.01 


POL 


20% 


400v 


17C 


RV201 


lOK 


Potentiometer Preset 


20% 


1 


lOOJ 


0 26 


lOOpf 


CER 


10% 


500v’ 


S12310 


R202 


12K 


C 


10% 


1 

■^W 


lOlJ 


C127 


150pf 


CER 


10% 


500v 


S224I0 


R203 


220K 


c 


10% 


iw 


90J 


CI2S 


q.033 


POL 


20% 


250v 


922510 


R204 


2.2M 


c 


Wo 


1 


66J 


Cl 29 


OA 


POL 


20% 


250v 


19M 


R205 


I8K 


HS 


\% 


1 














S56310 


R206 


56K 


c 


10% 


T 

HW 


34E 


MRlOl 




Diode OA 31 






S10310 


R207 


lOK 


c 


10% 


iw 


34E 


MR102 




Diode OA 81 






S68210 


R208 


6,8K 


c 


}0^/o 


5 


34F 


MR 103 




Diode OA 81 






S1O410 


R209 


lOOK 


c 


10% 


iw 


34E 


MR 104 




Diode CA 81 
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TRIGGER CIRCUIT 3- TIME BASE (T42) (contintied) 



TIME/CM SV/ITCH CIRCUIT 



Part 


C.C.T. 


Rating 


Part 


C.C.T. 








Rating 


Nq. 


Ref, Vatoe 


Description Tolerance 70°C 


No. 


ReF, 


Va lue 


Description 


Tolerance 


@ 70OC 


S4E 


MR 105 


Diode OA 81 


947510 


R276 


4.7M 


c 


10% 


iw 


34E 


MR106 


Diode OA SI 


S47410 


R277 


470K 


c 


10% 


4w 


34E 


MR 107 


Diode OA 81 


S33410 


R273 


330K 


c 


10% 


1 


34E 


MR 108 


Diode OA 81 


5394 10 


R279 


390K 


c 


10% 


1 

3W 








S68310. 


R280 


68K 


c 


10% 


1 

a;w 








S30305; 


R28I 


30K 


c 


5% 


1 

JW 


34D 


5101 ) 


Trig Selector Switches 


$15310= 


R282 


15K 


c 


10% 


iw 


25D 


S102 ) 




S51405 


R283 


510K 


c 


5% 


iw 




5103 


Switch See RV284 


S10410 


R284 


lOOK 


c 


10% 


1 

■zw 




S104 


Switch See RV115 & RV152 


126L 


R285 


15M 


H5 


2% 




94C 


S105 


Reset 


127L 


R2B6 


5M 


HS 


1% 




560 


S106 


Single Shot/Nornol 


12SL 


R287 


2.5M 


HS 


]% 


t 

;iw 








129L 


R288 


1 .5M 


HS 


1% 


iw 


36Y 


NlOl 


Neon Type 3L 


14M 


R289 


500K 


HS 


1% 


1 

3W 








14M 


R290 


500K 


HS 


1% 










103C 


(RV291 


IM ) 


Potentiometer 'Variable’ 


20% 


iw 


119T 


TRIOI 


Transistor LB293 motorola 




( S103 


) 


Switch 'T/B ON/OFF’ 






H9T 


TR102 


Transistor LB293 motorola 


912510 


R292 


1 .2M 


C 


W/o 


1 

?W 


lOT 


VlOl 


Vdve ECF80 


42K 


C275 


39pf 


CER 


5% 


750v 


lOT 


V102 


Valve ECF80 


16J 


C276 


6/30pf 


TRIMMER 




250v 


1ST 


V103 


Valve ECC88 


102J 


C277 


20pf 


CER 


+0.25p 


750v 


1ST 


V104 


Valve ECCBS 


103J 


C273 


380pf 


P.S. 


1% 


125v 


m 


V105 


Valve EB9I 


104J 


C279 


4000pf 


P.S, 


1% 


I25v 


10T 


V106 


Va Ive ECFSO 


105J 


C230 


0.04 


P.S. 


1% 


1 25v 


lOT 


V107 


Vo Ive ECF80 


106J 


C23I 


0.4 


P.E, (0.33 1% - .068 3%) 


2% 


125v 


lOT 


VtOfl 


Valve ECF80 


107J 


C2S2 


4 


P.E. 


2% 


250v 


lOT 


VI 0? 


Valve ECFSO 




















55D 


S275 




Switch 24 PCS ’TM^'^CM' 
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TRIGGER CIRCUIT & TIME EASE (T42) (continued) 



C.R.T. CIRCUIT TYPE S43 



Part 


C.C.T. 








fid fi rig 


No. 


Ref. 


Va lue 


Description Tolercince 


■'0) 70RC 


1 1 1C 


C RV301 


1M 


Potentiometer 'Brightness' 








( RV303 


IM 


Potentiometer 'Focus^ 






S82410 


R302 


820K 


C 


10%. 


iw 


918510 


R304 


L8M 


c 


10% 


1 


108C 


RV305 


IM 


Potentiometer Preset ' f , P , S , 






98C 


RV306 


250K 


Potentiometer ^Astig' 






S10410 


R307 


100K 


C 


10% 


1 


98C 


RV308 


250K 


Potentiometer ^Astlg' 






5103)0 


R309 


lOK 


C 


10% 




1I4C 


RV310 


lOOK 


Potentiometer Preset 'X SENS' 






S10410 


R311 


lOOK 


C 


10% 




S39310 


R312 


39K 


C 


10% 


1 

3W 


109C 


RV313 


lOK 








010410 


R314 


lOOK 


C 


10% 


Iw 


918510 


R315 


1.8M 


C 


10% 


tw 


1 1 IC 


( RV316 


IM 


Potentiometer 'Focus' 








( RV318 


IM 


Potentiometer 'Brightness' 






S32410 


R317 


S20K 


C 


10% 




S12410 


R319 


120K 


C 


10% 


1 


510310 


R320 


lOK 


C 






16K 


C301 


0.1 


POL 


20% 


400v 


20X 


C302 


0.01 


CER 


10% 


N5Kv 


29K 


C303 


0.47 


POL 


20% 


125v 


29K 


C304 


0.47 


POL 


20% 


T25v 


16K 


C305 


0. 1 


POL 


20% 


400v 


44K 


C306 


5pf 


CER 


5% 


750v 


48Y 


N30I 




Neon Type XC 12 






70T 


MR301 




Zener Diode (27V 1 rr/'^c) 







Part 


C.C.T, 








Roting 


No. 


Ref, 


Vo lue 


Description 


Tolerance 


@ 70OC 


955510 


R310 


5.6M 


C 


10% 


1 


inc 


( RV311 


IM 


Potentiometer 'Briillonce' 






( RV313 


IM 


Potentiometer 'Focus' 






918510 


R314 


K8M 


C 


10% 


1 


S10310 


R315 


lOK 


C 


10% 


U 


S10410 


R316 


lOOK 


C 


10% 


5W 


34C 


RV320 


IM 


Potentiometer Preset ^5hie 


i[d Voltage' 




44C 


RV321 


250K 


Potentiometer 'Astig^ {Ganged with 










RV426 'Scale Mlum' 


) 




SI0410 


R322 


lOOK 


C 


10% 


?w 


33K 


C310 


0 J 


POL 


20% 


125v 


20X 


C311 


0,01 


CER 


10% 


L5Kv 


16K 


C312 


OJ 


POL 


20% 


400v 


16K 


C313 


OJ 


POL 


20% 


400v 


48Y 


N301 




Neon Type XC12 








CRT 




SE 4D Sylvanio Thorn 







CRT 1074 M,O,V. 
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POWER SUPPLY TYPE D43 



Part 
No , 


C.C.T. 

Ref. 


Value 


Description 


99C 


RV401 


25 


Potentiometer 'Scale Jllum' 


S33310 


R402 


33K 


(Gonged to S401) 
C 


S22410 


R403 


220K 


c 


69 L 


R404 


lOOK 




105L 


R406 


7.5K 


HSC 


S10210 


R409 


IK 


C 


88C 


RV410 


5K 


Potentiometer Preset 'Setcol 


65M 


R411 


IK 


ww 




{ R412 


]K 


ww 


lOOL 


{ R413 


IK 


ww 


( R4I4 


IK 


ww 




( R415 


IK 


ww 


73 L 


R416 


630 


ww 


S22110 


R417 


220 


c 


123M 


R418 


I5K 


v/v/ 



Rating 

Tolerance \S 70°C 





) 


]Q% 


1 


5% 


1 

4W 


1% 


1 


10% 




5% 




]0% 


1 Ow 


10% 


lOw 


10% 


1 Ow 


10% 


1 Ow 


5% 


3w 


10% 


iw 


5% 


2w 



16K 

]6K 

39J 

S3J 

58J 

37X 

IJ 

]J 

IJ 

20K 

59J 

59J 



C401 


0 J 


C402 


0.1 


C403 


0.05 


C404 


TOO 


C405 


100 


C406 


0.05 


C407 


16 


C408 


16 


C409 


16 


C410 


4700pf 


C411 


32 


C412 


32 


C415 


33 


C414 


32 


C415 


32 


C416 


32 



POL 

POL 

P 

ELEC 

ELEC 

P 

ELEC 

ELEC 

elec 

POL 

ELEC 



20% 400v 

m 4oov 

2Kv 
27 Sv 
275v 
3.3Kv 
450v 
450v 
450v 

20% ]25v 

450v 

450v 



59J 



ELEC 



450v 



POVv'ER SUPPLY TYPE D43 (confirmed) 



Part 

No. 


C.C.T. 

fief. 


Va loe 


Descn ption 


Rotlng 

Tolerance @ 7 CpC 


61J 


C417 

C418 


32 ) 

32 ) 


ELEC 


350v 


40S 


T401 


Power T ronsformer 






0-110 V AC 150v V RMS 225 mA 

0-110 V AC 350v V RMS 1 mA 

875v V RMS 2 mA 
0-5-10-20 V AC I200v V RMS 0. 1 mA 

6.3 V RMS 1 .25 amp 
12,6 V RMS 1.8 amp 
6.3 V RMS 0.6 amp 





S401 


POWER ON/OFF (Ganged with RV401) 


180 


MR40] 


Silicon Diode DD056 or ZS75 


180 


MR402 


Silicon Diode DD056 or ZS75 


60 


MR403 


Rectifier T/pe K^50 


7C 


MR404 


Silicon Diode ) .. 

Lucas DD053 ) 


6C 


MR405 


Rectifier Type K^50 


121T 


MR4G6 


Zener Diode IZlOorequiv. 


68T 


MR407 


Zener Diode ZCl 1 



Y12 F401 F'jse H amp delay 220^ 

Fuse 3 amp delay llOv 

{5/8" long) 
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POVs'ER SUPPLY TYPE S43 



Fart 


C.C.T. 










No. 


fief. 


Value 


Descrjptian 




To lerance 


44C 


RV426 


25 


PotenKomel'er 


'Scale 


Ilium* 








(Ganged with RV321 


'Ast^g') 


S33310 


R427 


33K 


C 




10% 


12TM 


R428 


330 


ww 






65M 


R429 


IK 


ww 




■J TO 

5% 


124M 


-R430 


K8K 


ww 




5% 


Y27310 


R431 


27K 


C 




10% 


Y27310 


R432 


27K 


c 




T0% 


65M 


R433 


IK 


ww 




5% 


J05L 


R434 


7.5K 






1% 


5102)0 


R435 


IK 


c 




10% 


31C 


RV436 


5K 


Potentiometer ' 


'Set IV 


p-p' 


69L 


R437 


lOOK 


M.F. 




5% 


522410 


R438 


220K 


C 




10% 


5684 10 


R440 


680K 


c 




10% 



Ral-rng 

@ 7QPC 



iw 

2w 

lOw 

]0w 

iw 

ICfw 

iw 

iw 

iw 

iw 



IJ 

39J 

IJ 

\6K 

U 

T3K 

58J 

58J 

]6K 

20K 

59J 

59J 



C414 


16 


C4I6 


0,05 


C417 


16 


C418 


0,1 


C420 


16 


C42) 


0.05 


C422 


TOO 


C423 


100 


C424 


0.1 


C425 


4700pf 


C426 


32 ) 


C427 


32 ) 


C428 


32 } 


C429 


32 ) 


C430 


32 ) 


C431 


32 ) 



ELEC 

P 

ELEC 

POL 

ELEC 

P 

ELEC 

ELEC 

POL 

POL 

ELEC 



ELEC 



450v 

10% 2Kv 

450v 

20% 400v 

45CV 

10% 2.5Kv 

275v 
275v 

20% 400v 

20% 125v 

450v 

450v 



59J 



ELEC 



450v 



POWER SUPPLY TYPE 543 (continued) 



Part 


C.C.T. 








No. 


Ref. 


Va lue 


Desc n ptian 


Tolerance 


6ST 


MR401 




Zener Diode ZCl 1 




60 


MR402 




Selenium Rectifier K4^50 




60 


MR403 




Selenium Rectifier KB/50 




70 


MR404 




Silicon Rectifier 3X DD058 


180 


MR405 




Silicon Rectifier DD056 


or 2575 


lec 


MR406 




Silicon Rectifier DD056 


or ZS75 




S401 




POV/EROH/OFF (Ganged 


with RV426) 


43S 


T401 


Power Transformer 





(50 c/s) 



Seconder 



O-nO V AC 150 V RMS 150 mA 

O-IIOVAC 350 V RMS 1mA 

760 V RMS 1 mA 
0-5-10-20 V AC 1000 V RMS 1 mA 

6.3 V RMS 2.5 amp 
12,6 V RMS 1 amp 

6.3 V RMS 0.3 amp 



Y12 F401 



Fuse amp delay Fuse 
3 amp de lay Fuse 
(5/ S'* long} 



220v 

lIOv 
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NOTE 5- 

I SWirCMCS NOS SOI SI02 




D43 S43 



TRK5 SELECTOR SWITCH 

TRIGGER CIRCUIT FIG. 21. 

TYPE TS4I,TD4I.TS42 & TD42 
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TIME /CM SWITCH 



V?OJ A 




AHDO€ 

\704R 



PAGE 



TYPE D43 



C3«0 






T 

C262 







TIMEBASE & HORIZONTAL AMPLIFIER 

TYPE TD42 & TS42 



FIG.2 4 
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TIMC/CM 





NOTTS 



1 



0 



OCNOTCS PWMTCO ClMCUiT PC6 TCKMINAL NUMBCRS 
(»t« antf norODotAt arm ocU 



TIME/CM SWITCH FIG 2-5 
TYPE TD42 & TS42 
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CRT CIRCUIT 



TYPE S43 
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POWER SUPPLY 



TYPE D43 



f ^ I j 

6 7 8 9 

15# I6f— 



T 


L 


1 


V ~4 




^ ^ > 


Li 


Z^l 



20 


21 


22 


23 

A 


24 


W 

27 


20 


29 


30 


31 



PIN CONNECTIONS PIN CONNECTIONS FOR 
FOR t/B PO/ER SK T y AMP, POWER Sia 

1 6 JV^ l \0V 

2 EARTH AiilQvRMS 

3 HfATER COMMON 

^ HT*3 £ flit? 



3 HT*6 

6 6-3V heater 

7 HT»5 

a MOO PLATE 
9 



7 HTfJ 

3 !2 6 V HEATERS 

8 6 3 V HEATERS 

4 1 V PP CAL 

5 EARTH 



(XJTLINE OF PC . 3 A 

(0 DENOTES TAGS ON PC 3A 




R40?>33K 






♦ 380V R4I0 
SAA^ 

IK 
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